ABSTRACT
Introduction
In response to a relatively minor clause in the "No Child Left Behind" Act, the Department of Education has promoted amendments to Title IX that allow for single-sex public schools and classes (Federal Register, 2004) . In fact, in response to this announcement, there are 44 singlesex public schools and 167 schools have instituted separate-gender classes (as of Spring 2006).
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Such a quick response is surprising, given that official changes have not yet been announced by Department of Education. The stated goal of this change to Title IX is that greater choice will improve educational outcomes for both boys and girls. Unfortunately, there is no direct evidence that such a change would indeed improve outcomes for all involved students, mostly because nearly all existing single-sex programs are within private schools, where resources and student backgrounds are quite different from those at many public schools.
Relevant literature within Economics is quite limited, where most work focuses on peer or role model effects rather than single-sex schooling directly. For instance, Hoxby (2000) finds that classes with more female students performed better in certain subjects. Though indirectly related to the topic at hand, were these results taken to the extreme, the impact on boys and girls would not be equal. Indeed, one of the important issues within this debate is whether such school segregation is beneficial for both genders, in terms of both academics and acculturation.
According to Solnick (1995) , students at women's colleges were more likely to shift into traditionally male fields, leading to better labor market success. Billger (2002) studies a college that switched from all-female to coeducation and finds that women were more likely to pursue majors in science and math before the institution admitted men. The source of these differences likely arises from a combination of personal and institutional characteristics. For instance, single-sex schools and colleges may highlight the positive effects of same-gender role models in front of the classroom. Using data from the NLS72, Rothstein (1995) examines the effect of female faculty on female college students. She documents a higher probability of advanced degree attainment with more women on a department's faculty. On the other hand, Canes and Rosen (1995) find that increasing the number of female faculty does not lead to more female majors. Investigating 8 th grade student and teacher across genders, Ehrenberg et al. (1995) reveal no significant role model effect on student learning; gain scores are no higher when a student learns from a teacher of the same gender. Taken together these results provide, at best, lukewarm support for separate-gender classes and schools.
In this paper I investigate whether single-sex schooling leads to improved labor market outcomes for alumni. With survey data from the National Center for Education Statistics, I
address degree attainment and salaries, controlling for personal, family, school, and community characteristics. I use a variety of techniques to address selection bias. Indeed, single-sex schools with particular admission requirements are, a priori, likely to generate improved student outcomes. I therefore begin with selection-corrected benchmarks from common two-step techniques. I also compare attainment to earlier expectations. Does this schooling impart gains or do students simply meet their prior goals? Comparisons of college majors reveal whether school affiliation reinforces traditional gender roles. In addition, I explore correlations between innate ability, school characteristics, and outcomes using quantile regressions. Finally, comparisons both within and across gender highlight potential costs and benefits to public single-sex schooling.
Single-Sex Schools
The main data set used in this analysis is the National Educational Longitudinal Study (NELS), a panel survey from the National Center for Education Statistics. A representative sample of eighth graders was interviewed in 1988, then subsequently in 1990, 1992, 1994, and 2000. These data include detailed information about students, families, schools, communities, and teachers. Data from the Private School Survey were then merged by zip code to identify whether a respondent lived near a single-sex school. Data from the Integrated Postsecondary Education Data System provide college and university characteristics. In addition, data from the Occupational Employment Statistics program at the Bureau of Labor Statistics have been included to identify median wages by occupation.
In Table 1 I report summary statistics separately by gender for private single sex education (SSE), private coeducation, and public coeducation. These categories are determined from the 10 th grade school survey which asked each school directly whether it was coeducational, all-girls, or all-boys. Eighth grade test scores reveal that both girls and boys who attend single-sex schools have consistently higher average academic scores than their counterparts at public coeducational institutions. Also, students at these schools are unsurprisingly more likely to live near a single-sex school. On the other hand, gender differences emerge in family income, revealing that among private schools, more girls of lower socioeconomic status pursue SSE. A majority of students expect to attend college, and significantly more of the single-sex (male) alumni have this plan, even among private schools.
Interestingly, none of the girls' school graduates in this survey chose a women's college.
Graduates from private schools have higher degree attainment by 2000, which is eight years after 12 th grade. Though SSE alumni pursue more education, this difference is not statistically significant across private schools. Relative to coed private schools, the gains from single-sex schooling may be greater for women than men, with 11% higher starting salaries but virtually identical salaries for men.
I assume that parents (or guardians) are primarily responsible for a student's decision to pursue SSE. Potentially relevant factors include location, family income, student ability and preferences, and public school quality. To investigate the likelihood that a student will attend a single sex school, I estimate a probit for this decision separately by gender:
where X is a matrix of personal characteristics including: race, family socioeconomic status 
where ) (⋅ φ is the standard normal density function. For each indicator explanatory variable k, the marginal effect is:
In some cases, it appears that higher ability induces attendance, though not universally. Among only private school students, girls at SSE are more likely to be from lower income classes, while the opposite is true for boys. College expectations are insignificant to the decision for girls, but very important for boys. Proximity to SSE is unsurprisingly significant, but dwarfed by the marginal effect of urban residence. A potentially surprising result emerges, in that religious participation is negatively correlated with SSE matriculation. It is also interesting that, among private school students, girls who were afraid to participate in class in eighth grade are 32% more likely to attend a girls' school in tenth grade.
Educational and Labor Market Outcomes

Degree Attainment
It has become rather common for many high school graduates to pursue college education, suggesting little variation in this outcome. It is nevertheless valuable to explore whether certain school characteristics and school types induce greater receipt of 4-year degrees. I begin with probit estimates for the likelihood of receiving bachelor's degrees within 8 years of graduating high school:
where X is a matrix including race, socioeconomic status (SES), HS rank, 8 th grade test scores, parents' education, region, gifted program enrolment, SAT score, and SAT missing indicator. S is a matrix with an indicator for private school and another for private SSE, and the probit is estimated accounting for clustering and stratification across observations in the same strata and school. As in Table 2 , marginal effects and parameter standard errors are reported. Results in Columns 1 and 4 of Table 3 display the expected signs, as income and SAT scores are positively correlated with degree attainment. Higher high school rank corresponds to worse performance and is significantly negatively correlated with earning a bachelor's degree. Conditional on personal characteristics, private school graduates are over 13% more likely to earn a BA/BS, but there is no supplemental benefit from SSE. This result supports that hypothesis that apparent gains from SSE are upward biased by selection.
To investigate this selection bias in a different way, I generate an index to compare attainment by eight years after graduation to prior expectations. Specifically, in eighth grade respondents were asked, "How far in school do you think you will get?" I begin by ordering degree levels, including high school drop-outs through advanced degrees, and each level is assigned a one point step. The index is then the difference between receipt and expectation: Catholic and public school graduates are more likely to meet or exceed their expectations.
Perhaps gains would not accrue uniformly, and Figure 1 displays additional distributions among African-Americans and low SES respondents. However, within both genders, and within each category, the distributions for SSE alumni appear to have greater mass in the left tail and less in the right. It is also important to note that cell sizes are quite small in some cases, so inference is not entirely appropriate. It remains the case, however, that none of the evidence reported in Figure 1 runs counter to the selection bias hypothesis.
I next analyze the index parametrically, by estimating an ordered logit model which assumes the latent variable:
This latent variable represents increasing attendance relative to expectations, and the error term u i is assumed to be logistic distributed. The estimated parameter signs reveal whether the latent variable increases as the respective regressor increases. I estimate (6) with covariates identical to those in (4). Coefficients and robust standard errors appear in columns 2 and 4 of Table 3 .
Private school attendance benefits female students, but SSE has no significant effect on either gender.
NELS also reports whether respondents received a college grant or scholarship, and using these data I estimate the likelihood of obtaining this aid:
In this case all independent variables are as defined in (5), though parameters are expected to vary from that. Results appearing in columns 3 and 6 of Table 3 reveal important differences by gender. Controlling for family SES, girls' school graduates are 11% more likely to receive aid, while alumni are 11% less likely. It therefore appears that SSE alumnae face lower average human capital investment costs, ceteris paribus, but are not more likely to complete bachelor's degrees or to meet their own educational expectations.
Proponents of separate gender education claim that gender stereotypes are not reinforced, and students become more confident and more willing to pursue the fields that most interest them. I investigate this claim using data on college major choice at the first post-secondary institution attended. Presumably, before much time has passed, a student's secondary school experience influences their choices in college. Table 4 lists the distribution of students across major field by gender and school type. Majors are sorted according to the distribution of females from public secondary schools, and popular majors such as education, health, and business appear near the bottom. Women from coed schools are substantially more likely to pursue degrees in education, with more single-sex graduates in science, literature, and communications.
Male single-sex alumni are more likely to pursue business, philosophy/religion, and secretarial skills. I also calculate the Duncan index (Duncan and Duncan, 1955) so that the overall level of segregation may be ascertained. Where A and B are women and men, respectively, and X and Y represent the total number of women and men in each sample. The school types j include SSE, private coed, and public coed.
An index value equal to zero denotes no segregation and 100 denotes full segregation.
The greatest degree of segregation occurs among alumni of coed private schools, and there appears to be less segregation among public school graduates. These results relate well to Wootton's (1997) findings on occupational differences by gender. For instance, women's participation in managerial positions has greatly increased in recent years, while men are somewhat more likely to be in administrative support jobs. While there is less segregation in SSE compared to private coed schools, this evidence suggests that overall, gender stereotypes may be less prevalent in mixed gender public schools.
Salaries
Income reported in 1999 constitutes a starting-level salary for most respondents. I predict starting salaries as a function of personal and school characteristics: Table 5 . Graduates of these schools earn higher average salaries than their peers, men 17% and women 16%. A robustness check run with only graduates of private secondary schools reveals a greater return for men at 20% and a slightly lower return for women at 12%.
In order to address selection bias in a different way, I use quantile regressions as developed in Koenker and Bassett (1978) . Regression coefficients are estimated at a number of quantiles in the conditional distribution of salary, thereby extending beyond mean effects available through OLS.
Furthermore, the conditional distribution of salary is highly related to ability or on the job performance that is unobservable to researchers. Thus, quantile regression results provide evidence about which students are mostly likely to experience wage gains, given their location in the conditional salary distribution. If the "best and brightest" are more likely to attend single-sex schools and to perform very well on the job, we would expect positive and significant returns at upper quantiles. This would provide some evidence of positive selection bias in returns. Furthermore, coefficient estimates that increase monotonically support the hypothesis of selection bias, while decreasing monotonicity refutes it. Coefficients that are least negative or most positive at lower quantiles reveal the greatest gains for the "least able."
As seen in Table 5 , benefits for women are not uniform, and test significant only near the median. This suggests that 1) significant benefits may not accrue to the "best" and "worst" workers and 2) the returns to single-sex schooling are not uniform across innate ability. On the other hand, gains for men appear stronger, with substantially higher wages for even the lowest ability workers. Significant benefits of 23% higher salaries remain at the median among private school alumni, though not necessarily for workers in either tail of the conditional distribution.
Starting salaries may not reflect a worker's long-term earning prospects. I therefore incorporate data on median salary by occupation (from the BLS Occupational Employment Statistics), and merge these by the occupation each respondent reported in 2000. OLS and quantile regression results are listed in Table 6 . According to this specification, single-sex schooling yields monotone increasing coefficients for women, supporting the selection bias hypothesis. On the other hand, only the left half of the men's conditional distribution is affected, and SSE yields no benefit in most cases. Unfortunately, these results are likely impacted by the I also analyze starting salaries using switching regressions to address selection bias.
Suppose there are two regimes, one for SSE, and the other for coeducation: (12) lsalary ij = X i β j j: SSE or C A latent indicator function determines SSE attendance and whether lsalary SSE or lsalary C is observed. To estimate this model, I incorporated all significant regressors from specification (1) in the first stage. Inverse mills ratios were then included in the second stage wage regressions. Resulting salary predictions are reported in Table 7 by gender and school type for a variety of characteristics. Controlling for selection into these schools, African-Americans experience large salary gains relative to their coed peers. In addition, it appears that SSE alumnae may be able to "catch up" to their male peers from coeducational schools, with large investments in education.
Is it Just the Catholic Effect?
Many studies have examined the effect of Catholic schooling on students, reaching an apparent consensus that these students are significantly more likely to finish high school.
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According to Grogger and Neal (2000) urban minorities fare particularly well in terms of educational outcomes. On the other hand, Sander and Krautmann (1995) find that graduates are not more likely to pursue college education, though Altonji et al. (2005b) suggest college attendance may be enhanced. It is certainly true that many single-sex schools are Catholic, and additional robustness tests are warranted.
Within this NELS sample, 80% of the boys' school students are at Catholic schools, but that is true for only 51% of the females (not an overwhelming majority). I have estimated the probability of obtaining bachelor's degrees with additional regressors for religious and secular schools, as well as interaction terms. I find no significant effects. Another robustness test involved augmented starting salary regressions. Estimated OLS and quantile regression coefficients appear in Figure 2 . The effect of girls' school attendance increases through conditional quantiles. We also see a positive benefit to religious single-sex schooling for girls at the left tail of the conditional salary distribution, and much lower gains for the right tail. For those with lower unobserved performance, a Catholic girls' school may generate significant gains. The effect of boys' schooling appears greater up to the median. For men, Catholic schooling is particularly beneficial for those earning (conditionally) lower salaries, but SSE Catholic schooling yields lower income. As a final robustness check, I have also run this analysis on Catholic school attendance, rather than SSE. Descriptively, Catholic school students have lower test scores and similar incomes, much like the private coed sample. Compared to non-Catholic private schools, I also find no direct effect on degree attainment, scholarships, or starting salaries.
Efficacy and Equity in Public Single-Sex Education
To truly evaluate public single-sex education, it is necessary to consider not only the resulting outcomes for alumni, but also the equity in both implementation and long-term effects.
Results presented in this analysis suggest limited benefits for graduates. A variety of estimates imply higher salaries, particularly for those of median ability. And compared to other private schools, single-sex institutions lead to less gender segregation in college major, but coed schools fare even better in this respect. A possible explanation is the reinforcement of gender stereotypes at single sex schools (as some detractors claim). It is also somewhat troubling that SSE alumni are unlikely to meet their educational expectations. There appears to be no significant difference in receipt of BA/BS degrees, though SSE alumnae are more likely to obtain scholarships. Taken together, these results do not provide a ringing endorsement of single-sex education.
Some positive prospects do nonetheless arise. First, predicted salaries for alumnae of girls' schools are often similar to alumni from coeducational schools, suggesting enhanced gender equity through higher salaries for some women. In addition, African-American students experience unique gains, and single-sex education may therefore provide an important opportunity to continued improvements in educational quality and outcomes for AfricanAmericans. NCES sampling weights are also incorporated. * significant at 10%; ** significant at 5%; *** significant at 1% in brackets. * significant at 10%; ** significant at 5%; *** significant at 1% Additional regressors include additional race/ethnicity, test scores, and a constant term. Conditional estimated probabilities from models adjusting for sample selection into the treatment group of single-sex or coeducation. 
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